One of the natural products which have been used as a folk medicine is propolis. It is reported to exhibit several biological activities. Trace and macro-element profiles in propolis provided information enough to develop the classification of the geological origin of propolis. The geological origin of propolis determines its biological properties. It has become a promising anticancer natural agent in the recent days. The first purpose of this study was to determine macro-element and heavy metal contents of raw propolis samples originating from Giresun, a rainy and temperate region of Turkey. The second purpose of this study was to assess cell viability on glioblastoma cell lines of propolis samples. Macro-element and heavy metal contents (Mg, Na, Al, Si, K, Fe, Cu, Zn, Mn) of raw propolis samples from Giresun, were evaluated using inductively coupled plasma spectrometer with mass detection. Glioblastoma cell lines were exposed to different concentrations of propolis, and the apoptotic levels were determined using apoptosis assay. Additional cell viability and proliferation were analyzed by XXT assay. We used the XTT assay to assess cellular proliferation and viability. Turkish propolis is rich in the minerals. Potasium content was at a relatively higher level than other elements in samples from various regions of Turkey. The results obtained indicate no pollution of the collection areas. Results showed that apoptotic cell population increased significantly in glioblastoma cell lines exposed to increasing concentrations of propolis extracts. We reported the antiproliferative activity of these propolis on cancer cells. We suggested the induction of apoptosis after treatment with Turkish propolis on glioblastoma cell lines. Further studies are needed to advance in the understanding of the molecular basis of apoptosis induction on by Turkish propolis.
Introduction


Propolis is a naturopathic formulation collected by honeybees from buds and exudates of conifer trees and plants. Propolis that has anti-mutagenic and anti-carcinogenic properties and collected from plants by honeybees has biological and therapeutic effects [1] [2] [3] . Bees use the propolis to protect and reinforce their hives, repair their structure, and to cover honeycombs [1] [2] [3] .
Propolis, a natural product derived from plant resins collected by honeybees, has been used in traditional medicine all over the world for thousands of years. The composition of the propolis depends upon the vegetation of the area from which it was collected and on the bee species. Therefore, it has gained popularity also as a health drink and is extensively used in food to improve health and prevent diseases [1] . Propolis has gained popularity also as a health drink and is extensively used in food to improve health and prevent diseases [1] [2] [3] [4] [5] .
The composition of propolis is dependent of the flora, season, and time of the collection [6] . Macro-element profiles in propolis provided information enough to develop the classification of the geological origin of D DAVID PUBLISHING
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propolis [7] . Typically, propolis is broadly characterised into (1) samples from temperate regions mainly originating from poplar tree exudates and rich in phenolics such as flavonoids, aromatic acids and esters and (2) samples from tropical areas, devoid or containing traces of poplar constituents but rich in other substances including prenylated derivatives of p-coumaric acids, diterpenes and, prenylated benzophenones and prenylated flavonoids [8] .
Recently, propolis has become the area of interest and plays an effective role in natural product studies because of its several biological and pharmacological
properties. The identity and the mechanism of action of the chemical compounds present in the propolis are investigated [9] . To identify the cellular targets of any bioactive compounds is a very difficult task [10] [11] [12] .
Apoptosis is a completely regulated process, with an important and central role in the development and homeostasis of multicellular organisms. The apoptosis deregulation participates directly in the carcinogenesis process, being associated with the overexpression of anti-apoptotic genes, which leads to a selective survival advantage that promotes the proliferation of tumoral cells [13, 14] . One of the mechanisms of the anti-tumor activity of propolis has been shown to be through the induction of apoptosis [7, 15] . Inducing apoptosis is one of the mechanisms proposed for the therapeutic effects of propolis [16, 17] . This natural compound was Because taking into consideration the fact that the cell death effects of propolis could be due to a combination of chemical compounds and concentrations, we decided to investigate the cell death effects of propolis by concentrating our experiments on alcoholic extracts of propolis. In this study, we investigated the anti-tumor activity on glioblastoma cell lines of propolis samples, provided by Giresun province, collected in a rainy and temperate region of Turkey. Our study investigates systematically by using functional genomics how propolis influences the metabolism of an organism. 
Materials and Methods
Propolis Samples
Elementary Analysis of Propolis with ICP-MS
1000 mg of material were weighted and diluted with 20 ml of concentrated, pure nitric acid solution produced by Merck Campany. Quantative analysis of elements were determined using Perkin Elmer NexION 300D ICP -plasma spectometer with mass detection.
Preparation of Ethanol Extracts of Propolis (EEP)
10 gr of propolis samples was dissolved in 100 ml of 96% ethanol and incubated for 24 h at 60 °C. After incubation, the sample was centrifuged for 10 min at 4000 rpm. The supernatant was filtered and evaporated to dryness in a rotavapor.
Glioblastoma Cell Culture
Glioblastoma cell line were cultured in six-well tissue culture plates at (3 × 105) ml/well in DMEM medium containing 10% Fetal Bovin Serum (FBS), 100 U/ml penicillin and 100 µg/ml streptomicin. Cells were incubated in humidified 5% CO 2 at 37°C. The cells were incubated at different concentrations (25 µg/ml, 50 µg/ml, 100 µg/ml, 200 µg/ml and 400 µg/ml) of propolis for another 24 hours. Untreated glioblastoma cells were used as a control. At the end of incubation, apoptotic cell death was determined by the XTT method. Trypan blue and XTT methods were used to evaluate the cytotoxicity.
Cell Viability and XTT Assay
XTT is reduced to a soluble, brightly colored orange derivative to a mix of cellular effectors. This color change is accomplished by breaking apart the positively charged queternary tetra zole ring.
Glioblastoma cells were added 30 µl XTT per well and incubated in 5% CO 2 at 37°C for 4 h of the culture period tested. The medium was then decanted and 1 ml dimethylsulphoxide (DMSO, Sigma-Aldrich) was added to each well to ensure dissolving of the formazan salts. The concentration was measured at 450-690 nm in a UV spectrometer.
Trypan Blue Viability Test
Trypan Blue Test is used to determine the number of 
Statistical Analysis
Differences for element means in raw propolis from Giresun province of Turkey were assessed by non-parametric statistics of one-way analysis of variance (ANOVA). P < 0.05 was considered significant. SPSS 10 software was used for analyses.
Results
Elementary Analysis of Propolis
The first series of experiments was related to the levels of the macro-element and heavy metals content (Mg, Na, Al, Si, K, Fe, Cu, Zn, Mn) of raw propolis samples originating from a rainy and temperate region of Turkey (Table 1) .
Non-Parametric statistics were used to calculate mean and standard deviation for elements in samples. Potasium was the most abundant element in the samples. The potasium content mean was found at 0.385 ± 0.03 mg/kg. Potasium content was the highest in samples from Giresun province, whereas zinc element was the lowest in those of this region. The copper content mean was at 0.082 ± 0.03 mg/kg. Cu and Zn contents in propolises were within safe limits, and compared well with levels in foods from Turkish Food Codex [18] , though Zn contents were high. Sodium content mean was 0.0834 ± 0.1 mg/kg. Interestingly, no sulphur (S) was detected in propolis samples. These propolis are rich in the minerals of K, Na, Mg, and could be more beneficial in human nutrition. The results obtained indicate no pollution of the collection areas.
The second series of experiments was related to verifying a working propolis concentration and determining how cell viability was affected.
Results showed that apoptotic cell population increased significantly in Glioblastoma cell lines exposed to increasing concentrations of propolis extracts.
Since 10 gr raw propolis was dissolved in 100 ml ethanol (96%), stok propolis solution was 100mg/ml PE extract (Fig. 1) . Upon 5 min of exposure to 25 µg/ml propolis concentration, cells grown for 16 h have an increased number of cells suggesting early apoptosis (Fig. 1B) . The results showed that the PE2 extracts at 25 µg/ml concentration induced apoptosis in association with increased number of XTT positive cells. PE 5 (Fig. 1E ) extract at 200 µg/ml concentration was the most increased apoptotic dose. 42% of the cells observed to died through apoptotic cell death at PE6 (Fig. 1F) extract, suggesting late apoptosis, leading to secondary necrosis (Fig. 1C and D) .
Cell Viability and Cytotoxicty
Glioblastoma cells were treated with propolis extracts at various concentrations for 24 h, and the cell viability was determined as described above by XTT assay. All propolis extracts at all concentrations inhibited the growth of Glioblastoma cells in a dose-dependent manner (Fig. 2) .
Our results showed that PE 5 and PE 6 at 200 µg/ml and 400 µ g/ml were more effective in inhibiting Glioblastoma cell growth when compared with other extracts and dilutions (Fig. 2) .
Effect of Propolis Extracts on Apoptosis Induction of Glioblastoma Cells
To determine the occurrence of apoptosis in Gliobastoma cells treated with the seven types of propolis extracts, the cells were stained with trion blue dye. After treatment with different types and various concentrations of propolis extracts for 24 h, the numbers of XTT positive cells in all treated groups (Fig.  3B) were significantly greater when compared with the control group (Fig. 3A) .
However, in Glioblastoma cells treated with propolis extracts PE 5 and PE 6, the number of XTT positive cells was greater than in the other propolis extracts (PE 1, 2 and PE 3) ( Table 1 ). The propolis induced apoptosis in a dose-dependent manner and the most effective dilutions of propolis extracts PE 5 and PE 6 were 200 µg/ml and 400 µg/ml.
Discussion
Propolis is an important apicultural product with various chemical compositions and several pharmacological and nutritional applications. Moreover, it is a mixture of components collected by bees and found to have diverse biological properties. Its content has been found to be linked to the normal surrounding habitat, weather, and season collection. Diversity in chemical composition of propolis reflects the floral richness and the climate changes in the country [19] . Macro-element and heavy metal contents of raw propolis samples originating from Giresun, a rainy and temperate region of Turkey were evaluated using ICP-plasma spectometer with mass detection.
Geographical molecular marker is also important for analyzing the location of propolis taken [10] . The composition of propolis is dependent on the flora, season, and time of the collection [20] . In our study, sodium was low content in samples from Giresun province while higher level of Na in propolis was observed in samples from Artvin, İzmir and Bursa region in Doğan et al. study [21] . Mg was similar content with the ranges of their study. S level was not high enough for detection with the ICP-MS.
Propolis can contain heavy metals, which can significantly affect the biological properties of derived product [22] . We determined Zn, Al and Fe contents were at the lower level than in previous report [21] . But Mn was higher level in it. Since the low level or absence of heavy metals, propolis may be used as an indicator of environmental contamination, as has been suggested suggested [7] .
The results obtained which indicate no pollution of collected areas. The propolis located there can be used for the elaboration of high-quality be products, free of toxic contaminants. We used Giresun propolis for activation of apoptosis in the Glioblastoma cell line for this reason.
The biological activities of propolis samples of different geographic origin have been investigated [1, 7] . Many reports have indicated that different types of propolis extracts significantly inhibit cell growth and reduce the differentiation or proliferation of tumor cells [22, 23] . However, the effect of propolis on cell death or growth is still questionable [15] .
The biological effects exhibited by this Chilean propolis sample, under these experimental conditions, could be related to an overall effect of the phenolic compounds present in the extract (flavonol galangin; hydroxycinnamic acids, caffeic acid, p-cumaric acid, ferulic acid and CAPE), which were detected by HPLC in the gradient mode the method of choice for the assay of propolis components. Recently, extracts of propolis were shown to trigger various apoptotic pathway in different types of cancer cells [24] [25] [26] [27] [28] .
In the present study, the effects of propolis extract Overall, our results indicate that propolis extracts had a strong and selective apoptotic effect on tumor cells that may be useful in future treatment of hematological neoplasias [30] .
